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Abstract: Hecht equation is not adequate to analyzing standard measurements, of the 
mobility-lifetime product, carried out with single pixels of detector arrays. A modified 
expression is calculated, in order to have correct mobility-lifetime values out of 
experimental data. 
1. Introduction 
Extensive work has been done on producing monolithic gamma detector arrays equipped 
with common negative contact and positive contact array. Spectra examined by single 
elements in these arrays indicate that they are less sensitive to hole trapping than separate 
single detectors of similar dimensions. According to the theory of small pixel effect [1, 2] 
a single pixel collects charge mainly when the charge carriers arrive near to the positive 
contact. The resolution improves as the ratio of detector thickness to pixel size increases.  
The electrons move from the point of photon absorption towards the positive contact and 
mainly contribute to a single pixel. The holes move towards the negative contact, and their 
signal contribution is distributed over a number of pixels. Therefore, excluding the hole 
induced charge from the signal has a marginal effect of adding a low energy tail to the 
spectral line.  
μ τ (mobility times lifetime) values of charge carriers have been traditionally determined 
by the 'Hecht' method [3]. Alpha particles, or gamma photons, generate charge near the 
negative contact, and the induced charge signal is measured vs. the bias voltage on the 
detector. The Hecht equation analyzes the data and determines the electron's μ τ value. 
Mapping the detector array by the μ τ data characterizes the device performance. Since the 
μ τ measurement involves only electron flow it is not sensitive to hole trapping by its 
nature. However, measurements at low bias voltage involve electron trapping, and the 
small pixel must affect the functional signal dependence on the bias voltage.  
This work calculates the modified Hecht dependence in detector arrays that is due to the 
small pixel effect. The classical Hecht equation [3], and the induced charge on a single 
pixel of a detector array, are utilized to calculate the detector output vs. bias voltage in a 
small pixel detector.  
2. Lifetime determined by the Hecht equation 
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A charge q0, generated near the negative contact at t = 0, in a detector of thickness d, will 
move at constant speed, v =μ V/d, and cross a distance x = vt during a time t. The charge 
flows and some is trapped on the way. The remaining mobile charge at a position x and 
time t will be: 
q(x, t)/q0 = e
-t/τ = e-x/λ δ (x - vt) (1) 
where τ is the electron lifetime and λ = vτ.  
A charge moving along a distance element dx = vdt, during a time interval dt, will 
produce a signal [4, 5]: 
dh = (dx/d)q (2)  
Therefore, the overall charge accumulated in the detector circuit will be:  
(3) 
where tr = d
2/μV is the electron transition time from contact to contact. The Hecht 
equation is: 
(4) 
At low voltage the signal and penetration depth λ are linear with the voltage. As the 
voltage increases, the signal starts to saturate until it reaches full charge collection.  
3. Modified Hecht dependence in a small pixel detector 
Figure-1 shows a charge q located at a distance x0 from the negative contact, in front of 
the center of a size a pixel, in a parallel plate detector of thickness d, equipped with 
positive segmented contact. q induces charge density distribution ρ in the positive contact 
plane, given by [6]: 
(5) 
 3 
 
Figure-1: Geometry of a charge q located within a detector, at a distance x0 from the 
negative contact, and induces charge on the positive contact at d.  
Figure-2 shows the charge on the central pixel, calculated by integrating equation (5) over 
its area, vs. the distance x0 (0 < x0 < d), for a series of pixel to thickness ratios: a/d = 0.1, 
0.2, 0.4, 0.8, 1.6, 3.2. For low a/d ratio q induces significant charge on the pixel only 
when it is close to the positive contact. As a/d increases, the dependence becomes linear.  
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Figure-2: The induced charge h in single pixel of the positive contact, vs. the distance x0 
of a charge q from the negative contact. The calculation is done by integrating equation 
(5), over a pixel area, for a series of pixel size to detector thickness ratios: a/d = 0.1, 0.2, 
0.4, 0.8, 1.6, 3.2 (right to left).  
The Hecht calculation (section 2) is repeated for the signal dependendence on the bias 
voltage, but with the charge given by equation (5) instead of equation (2). Consider a 
charge q0 generated near the negative contact. As it flows towards the positive contact 
electrons will be trapped on the way. An amount of charge dq is trapped in a distance 
element dx, at a distance x from the negative contact (by (1)): 
dq = -(q0/λ)e-x/λ dx (6) 
The trapped charge dq induces charge dh on a pixel in front of it: 
dh = w(x)dq = -(q0/λ )w(x)e-x/λ dx (7) 
The weight w(x) is calculated by integration of equation (5), as in fig-2. After the charge 
flows all the way to the positive contact, the overall induced charge on the pixel will be: 
(8) 
The first term in equation (8) is the charge induced at the pixel by the charge trapped in 
the bulk. The other term is the free charge that has arrived to the pixel. For a large pixel 
the weight becomes w(x) = x/d. Inserting it in equation (8), and integrating by parts, leads 
to the classical Hecht equation (3), (4).  
Figure-3 shows the charge collected in a single pixel vs. the bias voltage, for the same 
series as in figure-2, calculated by equation (8). The line changes from "s" shape at low 
a/d, to the classical Hecht equation at high a/d. However, all the lines correspond to the 
same μ τ value. At low voltage significant amount of charge is trapped on the way and 
does not arrive near to the positive contact. According to the small pixel effect, it does not 
induce significant charge on a single pixel. Therefore, the line dependence at low voltage 
is nonlinear. 
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Figure-3: The charge h collected in the circuit of a pixel, vs. the bias voltage V, for gamma 
charge q0 induced near the negative contact. The calculation is done by equation (8) for 
the series of figure-2. The line changes from "s" shape at low a/d, to a Hecht line at high 
a/d. All the lines correspond to the same μ τ value. tr is the electron transition time from 
contact to contact. λ is the charge penetration depth.  
The instrumental charge collection time (shape time), of the detector circuit, should be 
longer than the electrons' lifetime in order to have correct line shape and μ τ value. 
4. Conclusion 
The signal output vs. bias voltage relationship, measured in a single element of a detector 
array, in order to determine the electron μ τ, depends on the ratio of pixel size to detector 
thickness. Equation (8) should be applied to determine the μ τ value from experimental 
data. The classical Hecht equation is applicable to analyze data measured with the 
common negative contact. 
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